This paper discusses teachers' interpretations of physics diagrammes. The study based on 55 science and non-science teachers, where a qualitative approach was adopted. First, 12 fundamental physics diagrammes were revealed to the teachers, who were asked to think aloud about them. Science teachers and non-science teachers gave similar answers. It has been observed that only the science teacher cohort extended their explanations. When interpreting the diagrammes, the participants in both groups did not notice certain elements that it was expected they would see. The result of this study can inform how teachers interpret physics diagrammes. This paper contributes to the growing interest in international literature as well as national literature regarding the use of diagrammes for teacher training, because interpreting diagrammes is a comprehensive process, which contains certain elements, such as lines, arrows, curves, colour, and objects with boundaries.
Introduction
One of the essential teaching tools used in science education is diagrammes, in terms of communicating abstract knowledge (Kragten, Admiraal & Rijlaarsdam, 2015) . These diagrammes support student-centered instruction and correct many weaknesses of traditional lecture-demonstration methods (Jackson, Dukerich & Hestenes, 2008) . They are ideal for ensuring structural organisation (Tversky, 2001) , since they are easily visualised by students (Harrison & Treagust, 2000) .
The use of diagrammes is not merely limited to fields such as psychology and mathematics (Cheng, Lowe & Scaife, 2001 ), but also serve as a teaching tool at all grade levels in Science (Lowe, 1989) .
In some science education studies, diagrammes have been used as teaching supporting instruments. For example, Gobert (1994) has reported on students that could not interpret diagrammes sufficiently. Another study was that reported by Uesaka and Manalo (2007) , who concluded that, though diagrammes are considered as adequate personal tools for solving problems, applied research in education has identified that interpreting diagrams is a common problem. Uesaka and Manalo (2007) also suggested that diagrammes are transmission tools used to solve problems. Heckler (2010) found that force diagrammes were effective in solving simple mechanical questions of students. In order to develop a diagramme drawing that facilitates problem-solving, it is important that the diagrams are correctly interpreted.
A study conducted by Mathai and Ramadas (2009) examined the middle school students' understanding of the human body system and their visualisations. They also searched the role of diagrammes. They developed a common framework based on structure and function to assess students' responses across diagramme and verbal modes, finding that students had a high dependence on the verbal mode.
Another study was that reported by Heiser and Tversky (2006) , who investigated descriptions and function of diagrammes. In this study, they organised two experiments. In the first experiment they carried out, they investigated the effect of the arrows in the diagrammes on their interpretation. In the second experiment, they investigated the effect of the perspective of the text, structural or functional, diagrammes produce on participants. Experiments have shown that arrows played an important effect in augmenting structural diagrammes to convey dynamic, causal, or functional information. Gobert and Clement (1999) have searched the beneficial effects of student-generated diagrammes versus student-generated summaries on conceptual understanding. They found that the summaries generated during the reading of the text contained more domain-related information than did the diagrammes generated during the reading of the text. Davenport, Yaron, Klahr and Koedinger (2008) have suggested that to improve students' learning when teachers design the instructions, they must be careful over the interaction of: 1) the specific learning objectives; 2) how the diagramme is designed; 3) cognitive processing of the learner. The diagramme design is just a start to learning therefore, the interpretation of diagrammes is important. Unfortunately, both students and teachers have deficiencies in interpreting diagrammes (Umdu Topsakal & Oversby, 2012) .
Researchers suggest that diagrammes are beneficial tools by means of which to develop mental models. They are external, and often analogical visualisations of information presented in the text (Gyselinck & Tardieu, 1999) . Furthermore, connections among concepts in diagrammes enables learners to solve problems by linking thoughts learnt and including diagrammes in cognitive processes in order to contribute to understanding (Fiore, Cuevas & Oser, 2003) . Cromley, Snyder-Hogan and Luciw-Dubas (2010) have stated that although diagrammes can be effective aids to learning, students have difficulty in understanding and abstracting information from them. Sometimes diagrammes are preferred and provide an advantage, while other studies suggest that students can find translating and understanding them very challenging (Cromley et al., 2010) . Using scientific diagrammes effectively has been an accurate method for facilitating scientific understanding.
In schools, diagrammes are used in all textbooks and visual representations to communicate ideas on almost every page (Arnold, Woolley & Johnson, 2009 ). In the literature, research on science diagrammes in textbooks notes that this situation is common to almost every page of any science textbook (Slough, McTigue, Kim & Jennings, 2010) . Teachers need to know how to interpret diagrammes in order to increase their effectiveness, which are colored in textbooks. All textbooks in schools are printed in colour in Turkey. In order to make the diagrammes and visuals more meaningful, the textbooks are printed in colour. Considering the printing costs of textbooks, it seems to be an economically costly process. Similarly, economic processes are influential in the printing of textbooks (Apple, 2013) . Therefore, an accurate interpretation of the diagrammes and their nature will also indirectly contribute to national economy.
Scientific considerations can be supported by using diagrammes in Physics teaching. If diagrammes are interpreted appropriately, individuals can configure their own mental models (Butcher, 2006) . From this point of view, the importance of interpreting the diagrammes can be correctly understood.
Diagrammes have the advantage that they can use components in space and spatial relations to express the elements and relations of students' thought to encourage their learning (Tversky, 2001) . Although the purpose of diagrammes is to help facilitate learning, students have difficulty with their interpretation (Schönborn, Anderson & Grayson, 2002) . Van Meter and Garner (2005) reported that studies in this regard tend to focus on constructing diagrammes, rather than on interpreting them, leaving a lacuna in the literature. In addition, on examination, there is a tendency for research on diagrammes only to consider diagramme effects and functions (Larkin & Simon, 1987; Mayer, 2003) . In addition, in a review of the literature, many studies were conducted with the students. (e.g. Gobert, 2000; Gobert & Clement, 1999; Lowe, 1989; Mathai & Ramadas, 2009; Uesaka & Manalo, 2007) . These studies showed that diagrammes can be an effective aid to learning, but students have difficulty in understanding them. To ensure that students understand the diagrammes correctly, teachers must first correctly interpret them. For this reason, studies on how teachers interpret the diagrammes are of importance, despite their dearth (Umdu Topsakal & Oversby, 2013) .
This research aims to explore the interpretation of diagrammes, starting from what they have noticed when the teachers examined the diagrammes. Noticing is different from seeing and it is one essential aspect within the process of reflection that entitles additional attention. Noticing has three dimensions (Van Es & Sherin, 2008) . The first dimension of noticing is calling-out, what is critical in a very complicated situation (Frederiksen, 1992) . Another dimension of noticing is to use information of context to reason about situations under analysis. The third dimension of noticing is the ability to make connections between certain events (Van Es & Sherin, 2008) . In short, everything that is seen is not noticed.
The main objective of this study is to determine perception about the nature of reading teacher diagrammes within the education system. As a result, colleagues and educational instructors can follow the road for the improvement of that system.
Method Design
A qualitative approach and a grounded theory design were adopted. Grounded theory constitutes the whole of the procedures for producing a theory that is used to describe a concept, as an essential topic. There are three types of grounded theory designs: systematic, emergent, constructivist (Creswell, 2002) . In this study, a systematic design was used. This design underlined the use of data analysis stages of open, axial, and selective coding, and development of logical hypotheses (Glaser & Strauss, 1967) . This definition includes three phases of coding: 1) open coding, which is the initial step in the data analysis process and all the data concerned to the study must be labelled; 2) axial coding, which is a draft of categories (Merriam, 1998) , where a category must be developed, be positioned at the centre of process, and then be related with other categories; and 3) selective coding, wherein multiple relationships are established among the categories, and an abstract description for the process being researched in the study must be provided. A grounded theory study using these phases must end with hypothesis (Creswell, 2002) . Hypotheses can be created with arguments that are sufficient for coming up with a proposal; it does not have to involve accumulated arguments to prove the hypothesis (Merriam, 1998) .
Sampling
The participants of the present study consisted of 55 (32 female, 23 male) teachers of primary, secondary, and high schools located in 32 different cities in Turkey. Some of the participants are science teachers (n = 28) and the others are non-science teachers (n = 27). Science teachers graduated from the department of science education or physics education, while non-science teachers graduated from other departments. Gender, age, and professional field of teachers are indicated in Figures 1-3 , respectively. 
Gender of science teachers
Female (15) Male (13) 
Gender of non-science teachers
Female (17) Male (10) Age of science teacher 20≤age<25 (2) 25≤age<30 (6) 30≤age<35 (7) 35≤age<40 (9) 40≤age<45 (3) 45≤age<50 (1) Age of non-science teacher 20≤age<25 (1) 25≤age<30 (9) 30≤age<35 (7) 35≤age<40 (6) 40≤age<45 (3) 45≤age<50 (1) Science (20) Physics ( 
Professional field of science teachers
Chemistry (4) Computer education and instructional technologies (1) Religious culture and moral education (1) Mathematics (5) Social Studies (5) English (2) Early Childhood (2) Turkish Language and Literature (1) Primary Education (3) Turkish ( 
Professional field of non-science teachers
Semi-structured interviews were carried out with eight (four science teachers, four non-science teachers) teachers. With regards to gender, there was an equal distribution both in science teachers and non-science teachers. Participants were randomly selected. It was necessary to carry out the interviews with teachers who have different professional fields.
Instrumentation
The research was carried out in three steps. In initial step, physics diagrammes from the internet (Google  Images) (Figure 7) . The subjects were chosen to be simple, general, and interpretable by everyone. All labels were used in the diagrammes in Turkish. However, the diagramme labels were translated into English in this article, so that the readers might understand them. We presented sketches for copyright reasons. In the second stage, when selected diagrammes are shown to the teachers, they are requested to say what they think out loud (Think Aloud). The Think Aloud Protocol is a method by which researchers at least partially understand the thought process of a subject when they use a product, instrument, or handbook (Zuldin, 2014) . The researcher observes the participant when trying to finish a user-defined task. During the interviews, researchers rarely remind the subject to "keep talking" (Ericsson & Simon, 1993) . Neutral signs such as "keep talking" encourage subjects to think aloud, but do not divert data by adding external ideas to the internal processes of subjects (Johnstone, Bottsford-Miller & Thompson, 2006) . Verbal descriptions obtained during think-aloud protocols can cause researchers to observe the cognitive processes of participants, without influencing their thought (Ericsson & Simon, 1993) . Participants were told that the researchers were exploring how teachers interpret the diagrammes.
There are two versions of think-aloud protocol, namely live and recalled. We chose to use the live version. Both have their limitations. The live form forces the participant to slow down as they articulate thought processes that may be much quicker than verbalisation. There is the danger that verbalisation misses thinking that is fleeting, hard to express, and embarrassing because it may indicate personal deficiencies or thoughts that the participant may wish to keep private. It is also possible that the Think Aloud Protocol influences what is thought by the participant, becoming more metacognitive of their thinking as the sessions extend. Many of these limitations also apply to recall Think Aloud, where in addition, reflection on the process has had time to take place. Nevertheless, as we seek to explore individual modes of thinking, it is inevitable that the procedure will influence what we find, and it becomes necessary to accept this as part of the protocol, and be constantly aware of these points.
Lastly, semi-structured interviews were carried out to deeply examine the teachers' thoughts on the diagrammes. In the interviews, other questions were asked in parallel to the physics diagramme, in order to allow for more detailed thinking. In all the remaining questions, participants were allowed to express their ideas freely, without interruption. If participants were reluctant to speak or were at a loss for words, the researcher used other questions to provide more information. The responses were recorded by the researcher with written notes. Each teacher interview lasted about 30 minutes.
Data Analysis
One of the fundamental methods of qualitative enquiry is Grounded Theory (Creswell, 2002) . Instead of starting with a hypothesis, the first step is to collect data by various methods. From the collected data, the important points are marked with a series of codes extracted from the text. The answers given are written sentence by sentence, manually. Codes are divided into similar concepts, from which concepts based on the creation of a theory or reverse engineering hypothesis are constructed (Allan, 2003) . Grounded Theory is used to develop a theory that is consistently gathered and analysed (Strauss & Corbin, 1994:273) .
In this study the researchers merely looked at and listened to the recorded responses of the participants, and discussed them. One of the "observations" of the researcher was compared to the participants. Participants who responded to the same kind of opinion and respondents who gave different responses were categorised and noted. Some of the different teachers' expressions are included in the citations presented in the findings belows.
Findings
In the first phase of the grounded theory, open coding is used. It began with looking at diagrammes and based on all the interpretation statements of the teachers. When looking at diagrammes of change of state (see Figure 4) , none of the participants noticed details such as: for melting, the arrow direction is from the solid form to the liquid form. None noticed that for sublimation, the arrow direction is from the solid form to the gas form, and none noticed details such as that all molecules are blue (for example, diagram 2). They tried to explain the subject of change of state. Most of them also tried to find wrong sights of the subject (change of state).
When teachers were shown the force diagrammes (see Figure 5) , none of the teachers noticed the arrows' directions. Most of them attempted to find wrong features of these diagrammes. Some only mentioned visual aspects that attracted their attention. Most of the teachers tried to explain this physics topic when Figure 5 was showed. Some of the non-science teachers said that they did not know this subject, and so they could not notice anything. Some of them only wrote one word, such as 'force. ' Most of the teachers wanted to explain the principle of simple machines while looking at Figure  6 . Some observations about 'pulleys' were poor, some not. None of them noticed colours or arrows.
When looking at electric circuit diagrammes (see Figure 7) , none of the participants noticed the electrical current arrow directions. Science teacher participants didn't mention convential current flow direction of electric current. Some of the nonscience teachers said that they were not familiar with this subject and so they could not notice anything. Some of them only wrote one word, viz. 'electric. ' After the open coding phase, axial coding phase was made. This encompasses the process which selects a core category from the open coding possibilities and positioning it at the center of axial coding process as a core category. From among the major categories reproduced from the data, the researchers selected a core category. Participants' thoughts are categorised in Table 1 . This table also provides quantitative evidence of the above qualitative data. 14 18
The final process of coding is selective coding, and it includes improving the theory. When looking at physics diagrammes, we can say as a selective code that the science teachers and non-science teachers give similar answers. Though the participants' knowledge changed, what they noticed did not change. For example, for Diagram 10 (see Figure 7 ), a few science teachers gave answer that the diagramme shows electric current. Some of them explained electric circuit in detail. Non-science teachers gave answer for Diagramme 10 that it shows the electric circuit.
The different and interesting expressions of some science teachers and non-science teachers are also included in the cited images in Table 2 .
Table 2
Some of the science teachers and non-science teacher participants' statements for some diagrammes Non-science teacher participants' statements Science teacher participants' statements "Diagramme 1 shows the water cycle" (Chemistry teacher, 27, female).
"Diagramme 1 shows change of state. There are three states of matter: solid, liquid and gas. The phase change shows the change in the proporties of the material" (Science teacher, 32, male). "The stick man attracted my attention in the Diagramme 4. He uses force" (English teacher, 25, female).
"Diagramme 4 shows force used by the stick man. In physics, a force is any interaction which tends to change the motion of an object. Sir Isaac Newton devised three laws about force in nature" (Physics teacher, 26, male). "Diagramme 9 shows a pulley" (Early Childhood teacher, 28, female). "Diagramme 9 shows pulley. A pulley enables freey rotate bout an axis. Pulleys are simple machines that provide some convenience when doing work" (Science teacher, 50, female). "Diagramme 11 demonstrates electricity" (Turkish Language and Literature teacher, 27, male). "Diagramme 11 shows an electric circuit. An electronic circuit is composed of electronic components, such as resistance" (Science teacher, 27, male).
One of the researchers' observations was compared with that of the participants. The researcher's professional field is science education, conducting studies about diagrammes in science education. The researcher focused only on the diagramme features, and not at all on explanations. Some examples of one of the researchers' observations about Diagramme 1 are in Table 3,  about Diagramme 2 are in Table 4 , and continuing respectively to Diagramme 12 are in Table 14 . Table 3 indicates the researcher's observations about Diagramme 1. For example, one of the observations is that the snowman symbolises the solid form of matter. None of the participants noticed this point. Table 4 shows the researcher's observations about Diagramme 2. Neither science teachers nor non-science teachers gave similar responses with the researcher. In this case, the teachers' lack of interpreting diagrammes about basic physics concepts was observed.
The observations of researcher are summarised in Table 5 . Both science teachers and non-science teachers did not care Diagramme 3's arrows, labels and colours. The diagrammes provided in this article are black and white. Coloured diagrammes were used during the implementation.
Table 3
Researcher's observations about Diagramme 1 Observations For melting, arrow direction is from the solid form to the liquid form. For freezing, arrow direction is from the liquid form to the solid form. For condensation, arrow direction is from the gas form to the liquid form. For evaporation, arrow direction is from the liquid form to the gas form. For sublimation, arrow direction is from the solid form to the gas form. For desublimation, arrow direction is from the gas form to the solid form. The snowman symbolizes the solid form of the matter. The rain symbolizes the liquid form of the matter. The air symbolizes the gas form of the matter. There isn't any word label about state of the matter. It is the circulant diagram system.
Table 4
Researcher's observations about Diagramme 2 Observations For melting, arrow direction is from the solid form to the liquid form. For freezing, arrow direction is from the liquid form to the solid form. For condensation, arrow direction is from the gas form to the liquid form. For evaporation, arrow direction is from the liquid form to the gas form. For sublimation, arrow direction is from the solid form to the gas form. For desublimation, arrow direction is from the gas form to the solid form. There is word label about state of matter. No space between the molecules of the solid. There are gaps between the liquid molecules. There many gaps between the gas molecules. All molecules are blue. It is the horizontal diagram system. Table 5 Researcher's observations about Diagramme 3 Observations For melting, arrow direction is from the solid form to the liquid form. For freezing, arrow direction is from the liquid form to the solid form. For condensation, arrow direction is from the gas form to the liquid form. For evaporation, arrow direction is from the liquid form to the gas form. For sublimation, arrow direction is from the solid form to the gas form. For desublimation, arrow direction is from the gas form to the solid form. There is word label about state of matter. All matters have same colour. It is the vertical diagram system. Table 6 Researcher's observations about Diagramme 4 Observations A Stick man has applied force to the yellow box. There is friction force opposite to the applied force. Gravity force's direction is down. Reaction force's direction is up. All arrows were shown in the middle of the box. Table 7 has given the researcher's observations. It has emerged that there is no similarity between researcher and teachers' observations. Teachers could not interpret the diagrams as expected. Table 8 indicates that researcher's observations about Diagramme 6. In this diagramme, the starting point of the arrow is different but nobody was noticed this point. In addition any teacher was not recognised directions of the arrows.
Similar teachers' responses have been encountered during the interpretation of other diagrams. From Table 9 to Table 14 shows researcher's observations. Observations A girl, who has red dress, applied force to the blue box. Labels were written with subscript, but no abbreviation.
There is friction force opposite to the applied force. Gravity force's direction is down. Reaction force's direction is up. The starting point of the arrow is different. There are no labels, symbols and arrows.
Discussion and Implications
On examination, science teachers and non-science teachers gave similar answers. It has been observed that only the science teacher cohort provide extended answers. What is important here is that the teachers are aware of the existence of elements necessary for diagramme interpretation. However, when interpreting the diagrammes, the participants in both groups did not notice elements they would have been expected to. Additionally, there are not any differences when it comes to gender and age. Although science teachers and non-science teachers have varied backgrounds about physics subjects, this result is unexpected. This outcome shows that teachers cannot interpret diagrammes correctly. Students generally do not know how to use diagrammes effectively (Gobert, 1994) , so it can be inferred that teachers themselves need to know how to read diagrammes properly. Although there are many diagrammes in textbooks, especially in Turkey, there is no lesson about how diagrammes ought to be interpreted in teacher training faculties. For this reason, teachers may not have paid attention to the elements of diagrammes when encountering them. Another reason may be that teachers do not have the habit of using diagrammes to solve science problems.
One of the most essential tasks of physics diagrams is to generalise various relations between abstract concepts. The use of diagrammes can be a focus of physics, because diagrammes can often connect concepts and inferences in an efficient way (Anzai, 1991) . For this reason, interpreting physics diagrammes must be a core subject of physics education. In physics, diagrammes are related to making effective inferences, where the cognitive processing of diagrammes, which is still largely unknown, has been the subject of research (Ericsson & Smith, 1991:86) .
Diagrammes serve to create a structural organisation, because they use spatial associations in diagrammatic space, so that people are based on the experience of interpreting spatial relations (Tversky, 2001) . They are complex systems, which have simple elements, such as lines, arrows, curves, colour (sometimes), and objects with boundaries (Umdu Topsakal & Oversby, 2013) . Interpreting diagrams, in our view, is a comprehensive process, which contains all these elements. This study shows us teachers have problems reading diagrammes. For example, no teachers paid attention to directions of arrows. Arrows are important explanatory diagrammatic elements, viz. lines, boxes, crosses, and circles (Tversky, 2005) . Because participants are not careful about such schematic geometric figures, they fail to read diagrams correctly.
Diagrammes are a useful tool for checking and conveying ideas to students. As such, teachers need to know how to read them. Teachers should be given guidance as to how to interpret diagrammes, and how to notice the features of diagrammatic elements. If they have problem with reading diagrammes they can be given in-service training.
Teachers are always at the centre of educational change and teacher professional development is especially important (Esau, 2013; Lau & Yuen, 2013) . Indeed, faculties of education have tremendous responsibility to educate teachers. We also recommend that the curriculum ought to contain model-based learning strategies, especially in science education. In this way, pre-service teachers can learn how to use these materials effectively before they graduate. This can benefit them in the future if they learn to work on the understanding of the nature of the diagrammes, and thinking about how these links to explaining the subject knowledge concepts behind them.
This study was conducted with the teachers who were educated in Turkey. International research on this subject is recommended. It is important to identify the shortcomings of the teachers' interpretation of diagrammes. To achieve this, it is first necessary to determine the existence of interpretive deficiencies. This study's findings point to indirect influence on their teacher educators' implementation, contributing to the literature in national and international context. Diagrammes are frequently used as additional materials in teaching and learning. In this respect, the number of studies in the literature should be increased. In future, surveys ought to be carried out, in other branches of the education, such as chemical, social studies. These ought to relate not only to the effectiveness of diagrammes, but also to the interpretation of pedagogic diagrammes.
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